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Abstract. We review briefly the notion of BPS preons, first introduced in 11–dimensional context as
hypothetical constituents of M–theory, in its generalization to arbitrary dimensions and emphasizing
the relation with twistor approach. In particular, the use of a ”twistor–like” definition of BPS
preon (almost) allows us to remove supersymmetry arguments from the discussion of the relation
of the preons with higher spin theories and also of the treatment of BPS preons as constituents.
We turn to the supersymmetry in the second part of this contribution, where we complete the
algebraic discussion with supersymmetric arguments based on the M–algebra (generalized Poincaré
superalgebra), discuss the possible generalization of BPS preons related to the osp(1|n) (generalized
AdS) superalgebra, review a twistor–like κ–symmetric superparticle in tensorial superspace, which
provides a point–like dynamical model for BPS preon, and the rôle of BPS preons in the analysis
of supergravity solutions. Finally we describe resent results on the concise superfield description of
the higher spin field equations and on superfield supergravity in tensorial superspaces.
14/01/2005. V2: References added, citations completed, 28/01/2005
INTRODUCTION
Twistor theory [1, 2] and twistor–like methods, which are the main subjects of this Max
Born symposium, are becoming now increasingly popular in the light of the work of
[3, 4] on the twistor string description of the Yang–Mills scattering amplitudes [5]. This
can be considered as a significant progress towards a realization of the Penrose “twistor
programme” [2] aimed to describe nature in terms of twistor space rather than spacetime.
The subject of this contribution is the notion of BPS preons, introduced in [6] in an
M–theoretical context, but allowing for an easy ’generalization’ to other dimensions
(see [7, 8] and also [9]). In M-theory the BPS preons appeared as its (hypothetical)
constituents [6]; a search 31/32 supersymmetric solutions of D = 11 supergravity, which
would describe BPS preons, can be witnessed [10, 11, 12]. In some other dimensions,
namely in D = 4,6 and 10, the notion of BPS preons are related with higher spin theory
(see [13, 14, 15, 8, 12, 16, 17, 18, 19]).
As it was noticed already in [6] the notion of BPS preons is related to the twistor ap-
proach [1] and its very simple orthosymplectic “generalization” [20] (hence the “twisto-
rial constituents” name in the title of [6]). The discussion of this relation allows us to
define the BPS preon in a simple and suggestive way, with a minimal use of supersym-
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metry. This observation suggests the following structure of this contribution.
We begin in Sec. I by a brief review of the known properties of twistor approach,
massless particle mechanics and their supersymmetric generalization in the form which
is useful to define and to discuss the properties of BPS preons. In Sec. II we present a
purely bosonic definition of the of BPS preon [6] and discuss their properties (almost)
without using (more precisely, with a minimal reference to) supersymmetry. In this
framework we review, in particular, the rôle of BPS preons as constituents (of M–
theory for D = 11) and the relation of BPS preon with higher spin theories. To establish
this relation we use the point–like model for BPS preon provided by the twistor–like
(super)particle model in tensorial (super)space; interestingly enough, this model had
been proposed in [20] before the notion of BPS preons was introduced in [6]. The
same can be said (at least up to some extent, see [13] and [14, 15, 16, 18, 19]) on the
relation of this model with D = 4,6,10 higher spin theories. We use here the BPS preon
notion to discuss these issues as it provides a universal framework allowing to discuss
the higher spin theory in D = 4,6,10 and (some issues of) M–theory in the same term.
The discussion of Sec. II is completed by supersymmetry arguments in Sec. III where we
start form M–algebra, discuss the rôle of BPS preons in the classification of the BPS state
[6] and in the analysis of the supergravity solitons [12], review the κ–symmetry of the
“preonic superparticle” model [20] and its relation with preserved supersymmetry. We
finish in Sec. IV by describing recent results on the superfield description of the tower of
all possible conformal massless higher spin equations in D= 4,6,10 and on supergravity
in tensorial superspaces, which might be relevant both in the search for a selfconsistent
supersymmetric higher spin interaction and for M–theoretical applications.
I. PRELIMINARIES. TWISTOR APPROACH, MASSLESS
PARTICLE AND SUPERPARTICLE IN D = 4.
This section contains a review of known issues on D = 4 twistors and supertwistors and
their relation to massless particle and superparticle mechanics [21] (see also e.g. [22, 23]
and a more recent [24, 25]) in a form convenient for the discussion on BPS preons.
I.1. Cartan–Penrose representation and Penrose correspondence
Let us begin by writing two basic relation of the original Penrose twistor approach in
D = 4 [1]. One is the Cartan–Penrose representation for a real light–like vector, e.g. the
momentum of massless particle,
pA ˙A := paσ
a
A ˙A = λA ¯λ ˙A , ⇔ pa p
a = 0 (1)
(a = 0,1,2,3, A = 1,2 and ˙A = 1,2 are Weyl spinor indices and σ aA ˙A are relativistic Pauli
matrices). Another is the famous Penrose correspondence,
µ ˙A = x ˙AAλA :=
1
2
xaσ
˙AA
a λA . (2)
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For a fixed xa (real or complex), Eq. (2) is a homogeneous linear equation for the co-
ordinates Y0α = (µ ˙A ,λA) of the complex space C4. Imposing the topological restriction
Y0α 6= (0,0,0,0) (that is passing from C4 to C4−{0}) and using the scaling symmetry
(µ ˙A,λA) 7→ (zµ ˙A,zλA) as an identification relation, one can treat Y0α = (µ ˙A,λA) as ho-
mogeneous coordinates of the projective twistor space CP3 [1, 2]. Thus, as usually stated
in twistor approach, Eq. (2) describes a correspondence the space of light–like lines in
spacetime (which can be identified with the celestian sphere S2) and the set of all sur-
faces in the projective twistor space CP3 (“curves of genus zero and degree one” [3])
which is isomorphic to CP1 (in this sense one can say that the Penrose correspondence
illustrates the known identity S2 = CP1).
To understand that the correspondence involves light–like lines rather then points xa
of the Minkowski spacetime M4, one notices the symmetry of Eq. (2) under
δx ˙AA = bλ ˙Aλ A , (3)
which is usually called b–symmetry. The presence of an arbitrary parameter b as a coeffi-
cient for light–like vector λ ˙Aλ A implies that the orbit of the b–symmetry transformations
(3) is the light–like line xˆ ˙AA(b) = x ˙AA +bλ A ¯λ ˙A.
Let us notice that Eq. (2) with real xa is the general solution of the single real equation
for the twistor variables. This is usually called helicity constraint, and reads
S = µ¯ ˙A ¯λ
˙A−µAλA = 0 . (4)
If one substitute the complex vector xaL (the non–Hermitian x ˙AAL ) for the real xa in (2),
thus studying the Penrose correspondence in the complexified Minkowski spacetime
CM4 (see e.g. [1]),
µ ˙A = x ˙AAL λA , x
˙AA
L = x
˙AA + iy ˙AA , (5)
one finds, instead of (4), S = µ¯ ˙A ¯λ
˙A − µAλA = 2i¯λ ˙Ay
˙AAλA, where y ˙AA :=
1/2i(x ˙AAL − (x
˙AA
L )
∗) is the imaginary part of x ˙AAL . The correspondence with the complex-
ified Minkowski spacetime CM4 can be used, in particular, to describe fields of nonzero
helicity [21]: to this end one sets S = µ¯ ˙A ¯λ
˙A − µAλA = 2is with some half–integer
s. 1 Notice also that the one–parametric b–symmetry (3) in the case of complex xaL is
replaced by the complex–spinor–parametric symmetry x ˙AA+u ˙Aλ A of (5). This allows to
gauge away all the imaginary part ya of xaL except for the one enclosed in the contraction
λAy ˙AA ¯λ ˙A ≡ 1/2iSc. Thus the helicity constraint with nonvanishing r.h.s., Sc = 2is may
be used, together with gauge fixing, to define ya = ℑm(xaL) completely: y
˙AA = swAw¯
˙A
where wAλA = 1 and w¯ ˙A = (wA)∗.
An important observation is that, in distinction to (2), the equation (5) with an arbi-
trary complex xaL does not restrict the twistor Y0α = (µ
˙A,λA) at all but rather provides
1 Notice that nonzero helicities can appear as a result of the ordering ambiguity after quantization of the
massless particle; the quantum consideration also indicates the quantization of helicity s in the units of
h¯/2, see [27, 28, 29] and refs. therein.
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a possibility to change a set of basic variables form the set of two spinor (µ ˙A,λA) to
one spinor λA and a complex vector x ˙AAL = x
˙AA + iy ˙AA defined modulo the (gauge) trans-
formations x ˙AAL 7→ x
˙AA
L + u
˙Aλ A. This can be treated as a reason for the existence of the
formulation of bosonic higher spin theory with an auxiliary vector variable whose AdS
version allows for a nontrivial interaction [17].
I.2.Twistors and massless particle in D = 4 Minkowski spacetime
The one parametric b symmetry (3), which is the invariance of Eq. (2), can be iden-
tified with the gauge symmetry of the massless particle action in its Ferber–Schirafuji
form [21]
S0 =
∫
W 1
dxˆ ˙AA ˆλA ˆ¯λ ˙A ≡
∫
dτ ∂τ xˆa(τ) σ˜ ˙AAa ˆλA ˆ¯λ ˙A(τ) . (6)
A simple way to obtain this ”twistor–like” action is to start with the first–order form of
the Brink–Schwarz formulation of the massless particle action, S0BS = 12
∫
W 1(pˆA ˙A dxˆ
˙AA+
1
2dτ e pˆA ˙A pˆ
˙AA), and to substitute the general solution
pˆA ˙A = ˆλA ˆ¯λ ˙A (⇔ pˆa pˆa ≡ 1/2pˆA ˙A pˆ
˙AA = 0 ) (7)
of the algebraic equation of motion δSBSδe =
1
2 pap
a = 0 for an arbitrary pˆA ˙A in S0 BS. One
can also obtain the b–symmetry (see (3) of the action (6),
δbxˆ ˙AA = bˆλ A ˆ¯λ ˙A , δb ˆλ A = 0 (8)
by substituting the Cartan–Penrose representation (1) for the light–like pˆa, given by Eq.
(7), in the gauge symmetry δ xˆa = b pˆa of the action SBS2.
The massless particle action (6) provides a simple way to see the relation among
the two basic formulae of the twistor approach, namely among the Cartan–Penrose
representation of Eq. (1) and the Penrose correspondence relation (2). First one notices
that the Hamiltonian formalism for the action (6) [21] reproduces the worldline version
(7) of Eq. (1) as a primary constraint (see [65]). Secondly, the above observation that the
action possesses the same b–symmetry as the Penrose correspondence (2) (see Eqs. (8)
and (3)) suggests that (6) should also reproduce the worldline version of Eq. (2),
µˆ ˙A = xˆ ˙AA ˆλA . (9)
This is indeed the case. Using the Leibnitz rule (dxˆ ˆλ ˆ¯λ ≡ d(xˆˆλ ) ˆ¯λ − xˆ ˆ¯λ d ˆλ ) one can
write the action (6) in the form (see [21])
S0 =
∫
W 1(dµ¯
˙A ˆ¯λ
˙A− µˆAd ˆλA) , ˆ¯µ
˙A ˆ¯λ
˙A− µˆA ˆλA = 0 , (10)
2 This symmetry also includes δe = ∂τ b(τ), δ pˆa = 0 and constitutes a “variational version” of worldline
reparametrization.
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where ˆ¯µ ˙A is defined by Eq. (9); as (9) is the general solution of the helicity constraints
(4), one can, alternatively, consider the twistor variables ˆY0α = ( ˆ¯µ ˙A, ˆλA) to be subject
to the helicity constraint (4) [as it is written in (10)] and omit any reference on the
spacetime coordinates. Taking the second point of view one finds that just the constraint
(4) reduces the imaginary part of the action (10) to a total derivative. This constraint can
be also incorporated into the action with a Lagrange multiplier Ξ(τ),
S =
∫
W 1
(d ˆ¯µ ˙A ˆ¯λ
˙A− µˆAd ˆλA)+
∫
W 1
dτ Ξ(τ)( ˆ¯µ ˙A ˆ¯λ
˙A− µˆA ˆλA) . (11)
I.3. Supersymmetry: massless superparticle and supertwistors
The supersymmetric generalization of the action (6) can be obtained e.g. starting with
the first order form of the Brink–Schwarz superparticle action and using there the general
solution (7) of the mass shell constraints p2 = 0 (see Sec.I.2). It reads [21]
S =
∫
W 1
ˆΠ ˙AA ˆλA ˆ¯λ ˙A ≡
∫
dτ ˆλAσ˜ ˙AAa ˆ¯λ ˙A ˆΠaτ(τ), (12)
where ˆΠ ˙AA = dτΠ ˙AAτ is the pull–back to the particle worldline W 1 of the Volkov–Akulov
one–form
Πa = dxa− idθiσ a ¯θ i + iθiσ ad ¯θ i ⇔ Π
˙AA = dx ˙AA− idθ Ai ¯θ
˙Ai + iθ Ai d ¯θ
˙Ai (13)
for the D = 4 N–extended superspace Σ(4|4N) with the local coordinates
Σ(4|4N) : zM = (xa , θ Ai , ¯θ
˙Ai) ; a = 0,1,2,3 , A = 1,2 , ˙A = 1,2 , i = 1, . . . ,N . (14)
The (N–extended) global supersymmetry transformations which leave (13) invariant are
δxa =−iθiσ a ¯ε i + iεiσ a ¯θ i , δθ Ai = εi , δ ¯θ
˙Ai = ¯ε
˙Ai . (15)
As in the purely bosonic case, using the Leibnitz rule one can write the action (12) in
the form (cf. (10))
S =
∫
W 1
(d ˆ¯µ
˙A ˆ¯λ
˙A− µˆAd ˆλA−2idηˆi ˆ¯η
i
) =
∫
W 1
d ˆϒΛ ˆ¯ϒ
Λ
≡
∫
W 1
dϒΛΩΛΠ (ϒΠ)∗ . (16)
Here (the pull–backs of) the components of supertwistor
ϒΛ := (Y0α ,ηi) = (µ
˙A , λA , ηi)
(
¯ϒΛ := ΩΛΠ (ϒΛ)∗ ≡ (¯λ ˙A , µ¯A ,−2i ¯η i)T
)
(17)
are related to the coordinates (14) (coordinate functions in (12)) by the following super-
symmetric generalization of the Penrose correspondence relation (2) [21]
{
µ ˙A = x ˙AAL λA := 12xaLσ
˙AA
a λA := (x
˙AA + iθ Ai ¯θ
˙Ai)λA ,
ηi = θ Ai λA .
(18)
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These expressions for the supertwistor gives the general solution of the superhelicity
constraint
S := ˆ¯µ
˙A ˆ¯λ
˙A− µˆA ˆλA− iηi ¯η i ≡ ϒΛ ¯ϒΛ ≡ ϒΛΩΛΠ (ϒΠ)∗ = 0 , (19)
in which (as well as in (16)) ΩΛΠ
ΩΛΠ :=
(
Ωαβ 0
0 −2iδi j
)
=

 0 δ ˙A
˙B 0
−δ AB 0 0
0 0 −2iδi j

 (20)
is the SU(2,2|N) invariant matrix. Such an observation allows one to write the superpar-
ticle action in an equivalent form (cf. (11))
S =
∫
W 1(d ˆ¯µ
˙A ˆ¯λ
˙A− µˆAd ˆλA−2idηi ¯η i)+
∫
W 1 dτ Ξ(τ)( ˆ¯µ
˙A ˆ¯λ
˙A− µˆA ˆλA−2iηi ¯η i)≡
≡
∫
W 1 dϒΛΩΛΠ (ϒΠ)∗+
∫
W 1 dτ Ξ(τ)ϒΛΩΛΠ (ϒΠ)∗ . (21)
In this form the SU(2,2|N) symmetry of the superparticle action becomes manifest.
The action (21), incorporating also the constraint (19) with the Lagrange multiplier Ξ,
involves only one constant tensor ΩΛΠ =−(−)Λ+ΠΩΠΛ, Eq. (20), and the invariance of
such a tensor is the defining property of the SU(2,2|N) supergroup.
In relation with the evident equivalence of the action (21) (or (16)) with (12) one
can ask questions about degrees of freedom. In particular, the action (12) contains 4N
fermionic fields (coordinate functions) θ α while (21) (or (16)) involves 2N fermionic
ηi, ¯η i. This seeming mismatch indicates the presence of 2N local fermionic gauge
symmetries in the action (12). These has the form
δκ xˆ ˙AA(τ) = iκ λ A ¯θ ˙A + i ¯κ θ A ¯λ ˙A = iδκ θ A ¯θ ˙A(τ)− iθ A δκ ¯θ ˙A(τ) (22)
δκ θ A = κ(τ)λ A , δκ ¯θ ˙A(τ) = ¯κ(τ) ¯λ ˙A(τ) (23)
and provide an irreducible form (see [30, 31, 32, 23] and refs therein) of the sem-
inal κ–symmetry [33] of the Brink–Schwarz superparticle which can be defined by
δκ ¯θ ˙AΠτ A ˙A = 0 and iκΠ
˙AA := δκ xˆ ˙AA− iδκ θ A ¯θ ˙A + iθ A δκ ¯θ ˙A = 0.
II. BPS PREONS WITHOUT SUPERSYMMETRY
II.1. BPS preons and generalized Cartan–Penrose representation
In this section we present the definition of the BPS preon from [6] (see also [8, 12])
in its bosonic form which makes transparent the relation with the twistor approach.
♦ The BPS preon state can be characterized by one bosonic spinor λα ,
|BPS preon〉= |λα〉 , α = 1, . . . ,n , (24)
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and is an eigenvector of the generalized momentum operator Pαβ = Pβα for the eigen-
value λα λβ determined by the above mentioned spinor λα ,
Pαβ |λα〉= λα λβ |λα〉 . (25)
♦ In the original M–theoretic context of [6] α = 1, . . . ,32 is the Majorana–Weyl spinor
index of SO(1,10) (D = 11 = 1+ 10), but a generalization for α = 1, . . . ,n with other
n = 2k allowing treatment as Majorana or pseudo–Majorana spinors of SO(t,D− t)with
other D is straightforward.3
In supersymmetric theory, where the generalized momentum is defined by the anti-
commutator of fermionic charges, Pαβ = {Qα Qβ}, the above definition implies (see
[6, 8]) that the BPS preon state |BPS preon〉 = |λα〉 preserves all but one supersymme-
tries generated by Qα with α = 1, . . . ,n. Hence another notation for the preonic state is
|BPS preon〉= |BPS (n−1)〉 reflecting the number of preserved supersymmetries; in the
M–theoretic n = 32 case this is |BPS preon〉= |BPS 31〉. This notation, however, can be
understood also without references on supersymmetry, as we will see in a moment.
II.2. BPS preons as fundamental constituents
The above definition of the BPS preon is based on the eigenvalue problem for the
generalized momentum operator Pαβ and, hence, assumes that different components of
Pαβ can be diagonalized simultaneously. This is the case when they are commuting,
[Pαβ , Pγδ ] = 0 . (26)
The general eigenvector |pαβ 〉 of the Abelian Pαβ ,
Pαβ |pαβ 〉= pαβ |pαβ 〉 , (27)
is characterized by an eigenvalue matrix pαβ . One can rise the question how to classify
these states. Such a classification problem looks much less academic in a supersymmet-
ric context where (see Sec. III) it is equivalent to the search for a classification of the
BPS states (M–theory BPS states for n = 32) [6].
The Abelian algebra of the generalized momenta, Eq. (26), possesses a manifest
GL(n) symmetry. The only property of |pαβ 〉 states which is invariant under this GL(n)
symmetry is the rank, rank(pαβ ), of the eigenvalue matrix pαβ . Let us denote the matrix
of rank (n− k) by p|k〉αβ , rank(p
|k〉
αβ ) := (n− k) ((32− k) in the M–theoretical case) and
the state with the eigenvalue matrix p|k〉αβ by |BPS , p
|k〉
αβ 〉 or, shortly, |BPS k 〉= | k 〉,
Pαβ |k 〉= p
|k〉
αβ |k 〉 , rank(p
|k〉
αβ ) = n− k ((32-k) for n=32 ⇐ D=11) . (28)
3 The cases of n 6= 2k α allows for a treatment as multispinor index (a set of spinor indices); e.g. for the
odd values of n, λα one can treat α = 1, . . . ,n as a set of n one–valued Majorana–Weyl spinors in D = 2.
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The definition of BPS preon implies its identification with the state |(n− 1)〉 with a
generalized momentum eigenvalue matrix p|(n−1)〉αβ = p(1)αβ of rank equal to one.
Indeed, any matrix of rank one can be expressed by the direct product of two vectors,
pαβ = λα λβ ⇔ pαβ = p|(n−1)〉αβ := p
(1)
αβ = λα λβ , α,β = 1, . . . ,n . (29)
Clearly Eq. (29) provides [20] a generalization of the Cartan–Penrose representation (1)
for the light–like four vector in the Minkowski spacetime M4.
In the supersymmetric theory, where Pαβ = {Qα Qβ}, (see Sec. III) the classification
by the rank of the generalized momentum matrix (32− k) provides the classification of
the BPS states by the number of preserved supersymmetry (k) [6]. Here the states |k 〉
are the BPS states preserving k of the n supersymmetries generated by Qα -s. The BPS
preons preserves all but one supersymmetries, |BPS preon〉 = |(n− 1)〉, which means
31 out of 32 supersymmetries in the M–theoretic (’D = 11’) case, |BPS preon〉= |31〉.
Now we are ready to discuss the rôle of BPS preons as possible constituents. Notice
that a symmetric n×n matrix always can be diagonalized by GL(n) transformations, i.e.
there exists a matrix gα (γ) ∈ GL(n,R) such that
p|k〉αβ := p
(32−k)
αβ = gα
(γ)p(γ)(δ )gβ (δ ) (30)
with some diagonal matrix p(γ)(δ ) = diag(. . .) holds. Moreover, this diagonal matrix can
be put in the form p(γ)(δ ) = diag(1, . . . ,1,−1, . . . ,−1,0, . . . ,0), where the number of
nonvanishing elements, all +1 or −1, is equal to n˜ = (n− k) = rank(p(k)αβ ).
Only at this stage we really need in a reference on supersymmetry. Indeed, the usual
assumptions of unitary supersymmetric quantum mechanics do not allow for negative
eigenvalues of Pαβ = {Qα ,Qβ}. Thus, only positive eigenvalues are allowed and
p(γ)(δ ) = diag(1, . . . ,1︸ ︷︷ ︸
n˜=32−k
,0, . . . ,0︸ ︷︷ ︸
k
) . (31)
Substituting (31) into (30) and denoting gα 1 = λα 1, . . ., gα n˜ = λα n˜, one finds
Pαβ |BPS,k〉 =
n˜:=32−k
∑
r=1
λα rλβ r|BPS,k〉 ≡
(
λα 1λβ 1 + . . .+λα n˜λβ n˜
)
|BPS,k〉 . (32)
Eq. (32) may be treated as a manifestation of the composite structure of any BPS state
|BPS,k〉 with k < (n−1). To this end one solves (32) by
|BPS,k〉= |λ 1〉⊗ . . .⊗|λ (32−k)〉 , (33)
which implies that the BPS states |BPS,k〉with k < (n−1) are composed from n˜= 32−k
BPS preonic states |λ 1〉, . . ., |λ n˜〉 characterized by the spinors λα 1 , . . ., λα n˜. Clearly for
the vacuum states preserving all supersymmetries, k = n, Eq. (33) does not make sense;
for k = (n−1) it just identifies different notations for a BPS preon |BPS,31〉= |λ 1〉 i.e.
it implies that BPS preons are fundamental.
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In the light of a supersymmetric treatment this implies that [6] any BPS states preserv-
ing some (but not all) supersymmetries can be considered as a composite of BPS preons.
In particular all the M–theory BPS states can be considered as composed of BPS preons,
which allowed us to conjecture that the BPS preons may be considered as fundamental
constituents of M–theory [6].
The supersymmetry is important in the following respect. In non–supersymmetric the-
ory the generalized momentum matrix is not positive definite. This implies the pos-
sibility of minus signs in the diagonalized form of the generalized momentum ma-
trix, i.e. p(γ)(δ ) = diag(1, . . . ,1,−1, . . . ,−1,0, . . . ,0) rather than (31). Then, to compose
the state with such an eigenvalue of the generalized momentum one should introduce,
in addition to BPS preons (25), their counterparts with negative energy, ”antipreons”
|anti−BPSpreon, λα〉 ≡ |anti−λα〉 obeying Pαβ |anti−λα〉=−λαλβ |anti−λα〉.
II.3. BPS preon and generalized Penrose correspondence.
Symplectic twistors and tensorial spaces
In the light of the discussion of the first sections, one may expect that some general-
ization of the Penrose correspondence (2) should be related with the generalization (29)
of the Cartan–Penrose representation (1). As (2) incudes the coordinate xa conjugate to
the momentum pa entering in (1), one may expect that the desired generalization of the
(2) should include a spin–tensorial coordinate Xαβ = Xβα conjugate to pαβ of (29). In
such a way one arrives at the n(n+1)/2 dimensional spacetime with coordinates Xαβ ,
Σ(
n(n+1)
2 |0) : Xαβ = Xβα , α,β = 1,2, . . . ,n , (34)
which is called ”tensorial space” [49, 14, 18]. To justify this name one can notice that
e.g. for n = 4 one can decompose the symmetric spin–tensorial coordinate Xαβ = Xβα
of the Σ(
4(4+1)
2 |0) = Σ(10|0) space on the basis of D = 4 Dirac matrices
Xαβ = Xβα = 1
2
xµ γαβµ +
1
4
yµνγαβµν , µ , ν = 0,1,2,3; α,β = 1,2,3,4 , (35)
arriving at the set of antisymmetric tensorial coordinates yµν =−yνµ in addition to the
standard four–vector coordinates xµ (see [49]). For n = 16 one can use the decomposi-
tion on the basis of D = 10 sigma–matrices,
Xαβ = Xβα = 116xµ σ˜
αβ
µ +
1
2·16·5! y
µ1...µ5σ˜ αβµ1...µ5 , µ , ν = 0,1, . . . ,9 , (36)
α ,β = 1, . . . ,16 , yµ1...µ5 = y[µ1...µ5] = (−) 15!εµ1...µ5ν1...ν5yν1...ν5
one arrives at the parametrization of Σ(
10(10+1)
2 |0) = Σ(55|0) space by 10 usual vector
and 45 antisymmetric (anti-)selfdual 5–index tensorial coordinates yµ1...µ5 = y[µ1...µ5] =
(−) 15!ε
µ1...µ5ν1...ν5yν1...ν5 (see [28]). Finally, in n = 32 one can use the set of D = 11
gamma matrices to arrive at the parametrization of Σ(528|0) by the set of vectorial, xµ ,
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two–index tensorial yµν =−yνµ and five–index tensorial yµ1...µ5 = y[µ1...µ5] coordinates,
Xαβ = Xβα = 132xµ Γ
αβ
µ +
i
64·5! y
µνΓαβµν + 132·5! yµ1...µ5Γ
αβ
µ1...µ5 , (37)
µ ν = 0,1, . . . ,10; α ,β = 1, . . . ,32 .
These spaces appear as the bosonic body of the ‘generalized’ [20] or ’ex-
tended’/‘enlarged’ [36, 8] or ‘tensorial’ (see [18] and refs. therein) superspaces Σ(10|4),
Σ(55|16) and Σ(528|32) which we will discuss in Secs III, IV.
The generalized Penrose correspondence has the simple form [20, 6]
µα = Xαβ λβ , α , β = 1, . . . ,n (38)
involving the Σ(n(n+1)/2|n) coordinates Xαβ and 2n real components (n in µα and n in
λα) of symplectic twistor ϒ0αˆ
ϒ0αˆ = (µα , λα) . (39)
This parametrizes the space R2n −{0} of the fundamental representation the Sp(2n)
group which leaves invariant the matrix
Cαˆ ˆβ =
(
0 δα β
−δ α β 0
)
αˆ , ˆβ = 1, . . . ,2n , α,β = 1, . . . ,n . (40)
The homogeneity of Eq. (38) allows one to treat it as an equation in the projective
symplectic twistor space RP2n−1.
In distinction to (2) with real xa (and in analogy with (5) with complex xaL), Eq. (38)
with an arbitrary real Xαβ = Xβα does not set any restrictions on the bosonic spinors (or
s–vectors [14])4 µ and λ . Indeed, defining µ and λ in an arbitrary manner one always
can find symmetric Xαβ such that (38) holds. Moreover, such Xαβ is not unique. The
generalized Penrose correspondence (38) is invariant under the n(n− 1)/2–parametric
generalization of the b–symmetry (8) (see [20, 7])
δbXαβ = bIJuαI uβJ ( δbλα = 0 , δbµα = 0 ) , (41)
where uαI , spinors which are orthogonal to λα ,
uαI λα = 0 , I = 1, . . . ,(n−1) . (42)
Eq. (41) provides the general solution of the condition
δbXαβ λα = 0 (43)
4 One may find better to call λα and µα s-vectors [14] as the invariance of our basic equations is given by
GL(n) and, non-manifestly, by Sp(2n) rather than by some thier SO(1,D− 1) subgroup.
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which can be used as an alternative definition of the generalized b–symmetry. 5
Thus Eq. (38) can be considered as a correspondence between the space of (n− 1)
dimensional hyperplanes in R2n−1 (each parameterized by spinor λ modulo its scaling
factor considered to be common with µα ) and the space of n(n−1)/2 dimensional sur-
faces (given by ˆXαβ (bIJ) = Xαβ +bIJuαI uβJ ) in n(n+1)/2 dimensional tensorial space
Σ(n(n+1)/2|0). On the language of generalized particle–like mechanics this correspon-
dence implies that the action [20]
S0 =
∫
W 1
λαλβ d ˆXαβ ≡
1
2
∫
dτ λα(τ)λβ (τ)∂τ ˆXαβ (τ) , (44)
which possess a gauge b–symmetry given by pull–back of Eq. (43) on the worldline
W 1, allows for the reformulation in terms of the symplectic twistor coordinate functions
ˆϒ0α(τ) = (µˆα , ˆλα). Indeed, one can use the Leibniz rule (ˆλ∂ ˆX ≡ ∂ (ˆλ ˆX)− (∂λ ) ˆX) to
present the action (44) in the equivalent form
S =
∫
W 1
(
dµˆα ˆλα −d ˆλα µˆα
)
≡
∫
W 1
d ˆϒ0αˆ Cαˆ
ˆβ
ˆϒ0 ˆβ , (45)
where µˆα is defined by the pull–back of the generalized Penrose correspondence relation
(38), ˆϒ0αˆ by the pull–back of (39) and Cαˆ ˆβ is the Sp(2n) invariant of Eq. (40).
Notice that the action (44) produces the generalized Cartan–Penrose representation
(29) as a primary constraint (see [65]) in the Hamiltonian formalism. This gives a reason
(see the supersymmetric considerations in [8, 12] and Sec. III for more) to treat (44) as
a dynamical model for a point–like BPS preon.
Hence a search for a generalized Penrose correspondence related to the generalized
Cartan–Penrose representation (29) and the definition of the BPS preon (25) leads
us, through Eq. (38), to the (ortho)symplectic twistors (39) and to the generalized or
tensorial (super)spaces (34) which appeared also in different perspective, see [36, 37].
II.4. BPS preons and higher spin fields in D = 4,6,10
In distinction to (11), the ”preonic” action (45) contains an unconstrained twistors,
i.e. no counterpart of the helicity constraint (19) appears when one writes the equivalent
twistor representation (45) of Eq. (44). After quantization of particle mechanics (11)
one arrives at the wave function φ(λA , ¯λ ˙A) subject to the quantum counterpart of the
constraint (4). Just the latter constraint makes φ(λα) = φ(λA , ¯λ ˙A) to describe massless
5 To see that the transformations (41) provide the counterpart of the ‘standard’ b–symmetry (3), one
notices that, allowing for the existence of a non–degenerate antisymmetric matrix Cαβ = −Cβ α [clearly,
for even n, see footnote 3; this also reduces GL(n) symmetry down to Sp(n)], one can use its inverse Cαβ
to define λ α = Cαβ λβ which clearly obeys λ α λα = 0. This allows us to identify this λ α with one of
the uαI [uαI = (λ α , uα˜I ), see [12]] and to find among (41) the counterpart δbXαβ = bλ α λ β of the D = 4
transformations (3); for D = 3 there is only one uαI which coincides with λ α and thus all the b–symmetry
is reproduced by the above formula.
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particle of a certain helicity (see [21, 27, 28, 29], [13] and refs. therein), e.g. of helicity
equal to zero. This explains the helicity constraint name. Now, the action (45) for the
n = 4 case differs from that in Eq. (11) just by the absence of the helicity constraint
(4) (λα = (¯λ ˙A , λA ), µα = (µ¯ ˙A , µA )). Hence, one may expect that the quantum state
spectrum of this “preonic” particle mechanics would include a tower of massless field
of all possible helicities. The analysis of [13] showed that this is indeed the case for
n = 4 D = 4 and indicated an infinite tower of massless D = 6 and D = 10 ‘higher spin’
fields in the model with n = 8 and n = 16. As it is finally shown in [19] these are all the
conformal massless higher spin fields in D = 6 and D = 10 dimensions, respectively.
Here we will try to create some image of the relation between preonic particle
mechanics and higher spin fields with an emphasis on the rôle of twistor–like methods
and notions. More technical details can be found in the original papers.
II.4.1. Higher spins from tensorial space.
Interestingly enough, the tensorial space (34) with n = 4, Eq. (35), was proposed
in [49] as a basis for the construction of D=4 higher–spin theories. It was known
that a consistent interaction of higher spin fields requires i) an infinite tower of all
possible higher spin fields and ii) a spacetime with a nonzero cosmological constant
(see [50, 17, 26]). The assumption of [49] was that there may exist a theory in a ten–
dimensional space Σ(10|0) whose (alternative–to–) Kaluza–Klein reduction may lead in
D = 4 to an infinite tower of fields with increasing spins instead of the infinite tower
of Kaluza–Klein particles of increasing mass. It was argued that the symmetry group
of the theory should be Sp(8) ⊃ SU(2,2), and OSp(1|8) in supersymmetric case. The
idea was that using a single representation of OSp(1|8) (such that it contains each and
every massless higher spin representation of the D= 4 superconformal group SU(2,2)⊂
OSp(1|8) only once) in the ten–dimensional tensorial space one could describe an
infinite tower of massless higher spin fields in D = 4 space-time.
In this perspective the Σ(n(n+1)/2|n) superparticle action of [20], the point–like model
for BPS preon in the light of [6] and [7, 8, 12], provided (rather accidentally; in its n = 4
Σ(10|4) version) a dynamical realization of the proposal from [49]. This preonic super-
particle action, whose purely bosonic limit is given by Eq. (44), involves the auxiliary
bosonic spinor variables λα(τ). These provide a twistorial dimensional reduction (for
n > 2) and, for n = 4,8,10, also a twistorial compactification mechanism [13] which
results in the discreetness of the quantum state spectrum and its identification, for n = 4,
with the spectrum of all the massless higher spin fields in D = 4 [13] and, for n = 8,16,
with the spectrum of all conformal massless higher spin fields in D = 6 and 10 [19]. The
AdS generalization of the model [20] is provided by the superparticle on the OSp(1|n)
supergroup manifold [13, 51]. It was conjectured in [51, 14] and shown in [52, 23] that a
field theory on OSp(1|4) is classically equivalent to the OSp(1|8)–invariant free higher
spin field theory in AdS4.
The preonic particle model (44) possesses manifest GL(n) and non–manifest Sp(2n)
symmetry (OSp(1|2n) in supersymmetric case), thus showing the expected symmetry
of higher spin theories. The latter becomes manifest symmetry after passing to an
equivalent twistor form (45). The Sp(2n) symmetry is also manifest in the following
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equivalent form of the action (44) [14]
S0 =
∫
W 1
(
λαλβ d ˆXαβ + µ˜α dλα
)
. (46)
One of the simple ways to show the equivalence of (44) and (46) is to notice that,
moving the derivatives, one can rewrite (46) in the equivalent form (45) of the action
(44). The only difference then will be a shift in definition of µα : Eq. (38) is replaced by
µα = Xαβ λβ + µ˜α .
For Hamiltonian formalism the use of the action (46) instead of (44) looks like a
simple method of conversion of the second class constraints, which are present for (44),
into the first class ones (see [16] for further discussion and references; the conversion
was also done in [13] but in a more complicated way). The quantization with such a
conversion results in the preonic wave function Φ(X ,λ ) subject to the constraint [13]
(
∂αβ − iλαλβ
)
Φ(X ,λ ) = 0 , ∂αβ := ∂/∂Xαβ . (47)
Eq. (47) is clearly the coordinate representation of the definition of the BPS preon (25)
provided the preon is considered as a point–like object in tensorial space,
Φ(X ,λ ) =< Xαβ | λα〉 ≡< Xαβ | BPS preon λα〉 . (48)
This gives one more reason to state that the generalized (super)particle model [20] with
the bosonic limit (44) provides a model for a point–like BPS preon [6, 12].
The solution of Eq. (47) is given by the generalized plane wave, preonic plane wave,
Φ(X ,λ ) = φ(λ ) exp{−iλα Xαβ λβ} . (49)
involving an arbitrary function φ(λ ) of the bosonic spinor λα .6 Its integration over λ
b(X) =
∫
dnλ Φ(X ,λ ) =
∫
dnλ φ(λ ) exp{−iλα Xαβ λβ} (50)
provides the general solution of the following equations in tensorial space
∂α[β ∂γ ]δ b(X)≡ 1/2(∂αβ ∂γδ −∂αγ∂βδ )b(X) = 0 . (51)
This was proposed in [14] as dynamical equations for massless higher spin fields. It was
shown in [14] (see also [16]) that, for n = 4, decomposing the field b(X) = b(xµ , yµν)
(see (35)) in the series on yµν = −yνµ one finds all the field strengths of the massless
bosonic D = 4 higher spin fields i.e. of the higher spin fields with integer spin; their
equations of motion follow from (51). The details and further discussion on relation
6 The choice of the class of functions where φ(λ ) takes its values is not unique. One should fix it to
provide the convergence of integrals used on the way to a spacetime treatment which, in its turn, is also
not unique. This interesting issue is beyond the score of that contribution; see [15, 16] and also sec. IIA
and footnote 5 in [13] for discussions.
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between field theories in tensorial space and in the standard spacetime can be found in
[15, 16] (mainly for D = 4) and in [19] (also for D = 6,10).
The field strengths of massless fields with all the possible half–integer spins are
collected in the spinorial field fα(X) obeying a tensorial space counterpart of the Dirac
equation
∂α[β fγ ](X)≡ 1/2(∂αβ fγ(X)−∂αγ fβ (X)) = 0 . (52)
The general solution of Eq. (52) is given by the integral of the preonic plane wave (49)
with measure dnλ λα ,
fα(X) =
∫
dnλ λα Φ(X ,λ ) =
∫
dnλ λα φ(λ ) exp{−iλα Xαβ λβ} . (53)
Clearly, as for the even n (including n = 4) the measure is symmetric under λ 7→ −λ ,
the half integer fields collected in fα(X) come from the odd part of φ(λ ), φ−(λ ) =
1/2(φ(λ )−φ(−λ )), while the integer fields collected in b(X) come from the even part
of φ(λ ), φ+(λ ) = 1/2(φ(λ )+ φ(−λ )). However both integer and half–integer fields
come from the same ”twistorial wave function” φ(λ ). 7 It appears directly as a result of
quantization when one starts from the action (45).
II.4.2. Twistor wave function, Cartan–Penrose representation and the Hopf fibrations.
D=3,4,6 and 10.
A simplest way to quantize the preonic particle model [20] is to use an equivalent
twistor representation (45) of the preonic action (44) [13]. Indeed, the action (45) is
i) written in terms of unconstrained symplectic twistor (µα , λα); ii) is the first order
action, which allows to identify (µα with the momentum conjugate to the coordinate λα
(or vice versa); iii) the Hamiltonian of the system is identically zero, which implies that
the system is free and that, after quantization, the Schrödinger equation just states an
independence of the proper time parameter τ (reparametrization invariance). As a result,
one sees that the wave function of the preonic particle is an arbitrary function φ(λα) of
the bosonic spinor λα (see footnote 6).
To provide the spacetime treatment of such a wavefunction one applies [13] the
generalized Penrose correspondence (29) and extracts the D dimensional momentum
from the generalized momentum using the n×n real (or pseudo–real) representation of
D–dimensional gamma matrices (n = 2[D/2] for D 6= 10 and n = 2[D/2] for other D)
pαβ = λαλβ , pµ ≡
1
n
pαβ Γαβµ = λΓµλ
{
α,β = 1, . . . ,n
µ = 0,1, . . . ,D−1 (54)
Thus the wave function φ(λ ) can be treated as dependent on the spacetime momentum
pµ and the additional variables parameterizing the fibration ℑDn of the space £ := Rn−
7 In this respect one notices (see [13] and [19]) that the quantum state spectrum of the preonic particle
is already supersymmetric (contains all integer and all half integer fields) while the spectrum of its
supersymmetric generalization [13] is doubly degenerate. To resolve the degeneracy and to provide the
physical spin–statistics correspondence one uses a projection relating the Grassmann parity and the parity
with respect to λ 7→ −λ ; see [13], [18] and refs. therein for further discussion.
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{0} = Sn−1⊗R+ of nonvanishing spinors λα 6= (0, . . . ,0) over the (base) space ℘ :=
{pµ : pµ = λΓµλ} of momentums determined by the Cartan–Penrose representation
pµ = λΓµλ ,
φ(λ ) = φ(p ; ℑDn )|p=λΓλ ⇔ φ(£) = φ(℘, ℑ) , ℑ≈ £℘ (55)
The properties of the base space ℘= {pµ : pµ = λΓµλ} depends strongly on D and n.
For n= 2,4,8,16 corresponding to D= 3,4,6,10 the famous identity Γµ(αβ Γµ γ)δ ≡ 0
holds. It results in a light–like momentum pµ
D = 3,4,6,10 : pµ = λΓµλ ⇒ pµ pµ = 0 , (56)
Hence the space ℘ spanned by momenta pµ = λΓµλ is D−1 dimensional (rather than
D–dimensional), ℘= R(D−1)−{0} = S(D−2)⊗R+. Hence the space ℑnD of additional
variables in (55) is the fibration £n/℘ of £ = S(n−1) ⊗R+ over ℘ = S(D−2) ⊗R+
which, in the light of identification of scales by pµ = λΓµλ , is the fibrations of spheres
over spheres, ℑnD := £
n
℘D =
S(n−1)⊗R+
S(D−2)⊗R+
= S
(n−1)
S(D−2) . Furthermore, as in the dimensions D =
3,4,6 and 10 the number of components of minimal real (or, in D = 6, pseudoreal)
representation can be written as n = 2(D−2) (see [23] and refs. therein), the spaces of
nonvanishing bosonic spinors are £n = £2(D−2) = S(n−1)⊗R+ = S(2D−5)⊗R+ and the
fibrations parametrized by additional variables can be presented in a more transparent
form ℑnD = ℑ
2(D−2)
D = S(2D−5)/S(D−2). This form makes evident that for D = 3,4,6 and
10 the spaces ℑ of auxiliary variables in (55) are given by the Hopf fibration of spheres
over spheres which are isomorphic to spheres S(D−3),
D = 3,4,6,10 : ℑnD ≡
S(n−1)
S(D−2)
=
S(2D−5)
S(D−2)
= S(D−3)
(
= (Z2,S1,S3,S7)
)
. (57)
For D = 3 Eq. (57) gives ℑ23 = Z2. Thus the wave function φ(λ ), Eq. (55), can be
treated as function of a light–like momentum (56) and a sign variable φ(λ ) = φ(pµ :
p2 = 0;±). In the cases of D = 4,6,10 the wave function φ(λ ) of Eq. (55) depends,
in addition to the light–like momentum pµ = λΓµλ , on a number of angular variables
which parameterize the compact spaces S(D−3)
φ(λα) = Φ(pµ , S(D−3))|pµ pµ=0 ≡Φ(pµ ,α1 , . . . ,αD−3)|pµ pµ=0 , D = 4,6,10 . (58)
Thus for D=4,6,10 the space of additional variable ℑ2(D−2)D in (55) is compact and iso-
morphic to the spheres S(D−3). This phenomenon was called twistor compactification in
[13]. This twistorial compactification is alternative to the Kaluza–Klein one in particular
as it occurs in momentum space and hence makes the coordinates discrete. These dis-
crete ”coordinates” can be identified with quantum numbers enumerating the possible
helicity states of all massless higher spin fields in D = 4 [13] and all conformal massless
higher spin fields in D = 6,10 [19].
In the quantization of preonic mechanics [13] the twistor compactification occurs
due to the treatment of the gamma–trace of generalized momentum pαβ as spacetime
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momentum (see (54)) and due to the generalized Cartan–Penrose representation for
pαβ . It was also noticed [13] that the generalized Cartan–Penrose representation (54),
pαβ = λαλβ provides, for n> 2, a mechanism of twistorial dimensional reduction which
also occur in momentum space and reduces the number n(n+1)/2 of degrees of freedom
in pαβ to the smaller number n of degrees of freedom in the bosonic spinor λα .
II.4.3. Problems in M–theoretical D = 11 case n = 32
What turns out to be different in the M–theoretical D = 11 case is that the momentum
pµ = 1/32λΓµλ is not light–like, pµ pµ 6= 0. Its square (the D = 11 mass operator)
can be rather expressed through the values of tensorial charges, pµ pµ = −2Zµν Zµν −
5!Zµ1...µ5Zµ1...µ5 [48], also constructed from the bosonic spinor: Zµν = i64λΓµνλ and
Zµ1...µ5 =
1
32·5! λΓµ1...µ5λ . Thus, if one identifies pµ = 1/32λΓµλ with the eleven–
dimensional momentum, this is not restricted by a mass shell condition and parametrizes
RD−{0}= S(D−1)×R+ = S10×R+ (instead of S(D−2)×R+ = S9×R+ as it would be
if the momentum were light–like). Then the additional variables in (55) parametrize the
fibration S31S10 . Such a 21 dimensional space is not (is not known to be) isomorphic to a
sphere or a well–studied manifold. The indefiniteness of the pµ pµ for pµ = 1/32λΓµλ
in D = 11 can be treated as the continuity of the mass spectrum (see [48]), which is
another possibility left by conformal invariance of the particle or particle–like mechanics
(the latter case includes null–(super)–p–branes, see [31] and refs. therein).
Notice that a similar problem appeared for eleven—dimensional supermembrane
(now M2–brane) [60] and that now this is treated [61] as an indication that the super-
membrane is a composite state, a system of ten–dimensional D–branes, in the spirit of
Matrix model [62]. One might try to understand the relation between the D=11 BPS pre-
ons and spacetime fields (”higher spin” D = 11 or D = 10 fields) in such a perspective.
However, for a moment we do not have much to say on this direction.
III. BPS PREONS AND SUPERSYMMETRY
We discussed the definition and some properties of BPS preons, including their relation
with massless higher spin theories in D = 4,6,10 (almost) without the use of supersym-
metry. Now we move to the supersymmetric aspects of the BPS preon conjecture. The
pure bosonic definition of the BPS preon (25) uses the generalized momentum. As we
have noticed, this appears to be related with the most general supersymmetry algebra.
III.1. Generalized momentum, M–algebra and BPS states
For any n = 2m the generalized momentum operator Pαβ = Pβα is associated with the
bosonic central generator of most general supersymmetry algebra characterized by the
most general form of the commutator of two fermionic supercharges Qα ,
{Qα ,Qβ} = Pαβ , Pαβ = Pβα , α = 1,2, . . .n ; (59)
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the property of Pαβ to be central is expressed by
[Qα ,Pβγ ] = 0 , [Pαβ ,Pγδ ] = 0 . (60)
The algebra (59) with n = 32 (α = 1,2, . . .32) [34, 35] is usually called M–theory
superalgebra or M–algebra [35] 8. It encodes a full information about the nonperturbative
BPS states of the hypothetical underlying M–theory and also its duality symmetries
[42, 35]. Indeed, for instance, treating α,β as eleven dimensional (SO(1,10)) spinor
indices, one may decompose the symmetric spin–tensor generator Pαβ on the basis
provided by antisymmetric products of D = 11 gamma–matrices
α,β = 1,2, . . .32 , Pαβ = PµΓµαβ +Zµν iΓµναβ +Zµ1...µ5Γµ1...µ5αβ . (61)
Here Pµ is treated as the D = 11 spacetime momentum, while the additional central
bosonic generators Zµν =−Zνµ = Z[µν], Zµ1...µ5 = Z[µ1...µ5] can be treated [43] as topo-
logical charges of the BPS states corresponding to supersymmetric extended objects,
branes, living in the eleven–dimensional world. For instance, the spacial components
ZIJ and ZJ1...J5 of Zµν and Zµ1...µ5 are related to the topological charges [43] of the su-
permembrane and the super–M5–brane [43, 44].
A simple but important observation is that, e.g. for n = 32, the M–algebra (59),
(60) possesses the GL(32) (GL(n)) automorphism symmetry, which is broken down
to SO(1,10) only upon the use of decomposition (61). This implies the “brane rotating”
nature of the GL(32)/SO(1,10) symmetry [64]. On the other hand it indicates that the
above eleven–dimensional treatment based on the decomposition (61) is, certainly, not
a unique one. Treating α,β in (59), (60) as multiindices and using the set of gamma–
matrices for other D in direct product with the internal space gamma–matrices one may
provide the D=10 type IIA, D=10 type IIB, D=4 N=8 [35], as well as a more exotic
D=2+10 treatment [63]. As a result, the information about nonperturbative BPS states of,
say, D = 10 superstring theories (including Dirichlet superbranes) can also be extracted
from (59). This also explains why the M–algebra (59) encodes as well all the duality
relations between different D = 10 and D = 11 superbranes.
III.2. BPS preons states preserving all but one supersymmetry. A
classification of M-theory BPS states
Associating the generalized momentum matrix with the right hand side of the general
supersymmetry algebra (59) one finds (see [6, 12, 8]) that the definition of the BPS
preon in Eqs. (24), (25) is equivalent to defining the BPS preon as a state preserving all
supersymmetries but one (hence the notation |BPS,(n− 1)〉; |BPS,31〉 in D = 11) [6].
8 See [36] for a treatment of (59)–(60) as central extension of the abelian fermionic translation algebra,
[38, 36] and refs. therein for further generalizations of the M–theory superalgebra and for their structure.
For n 6= 2l , including odd values of n one can treat the algebra as (59) as d = 2 extended supersymmetry
algebra with central charges.
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The bosonic spinor parameters ∈I α corresponding to the supersymmetries preserved by
a BPS preon |λ 〉,
∈αI Qα |λ 〉= 0 , I = 1, . . . ,(n−1) (I = 1, . . . ,31 in D = 11) (62)
are ‘orthogonal’ to the bosonic spinor λα that labels it,
∈I
αλα = 0 , I = 1, . . . ,(n−1) (I = 1, . . . ,31 in D = 11). (63)
Notice that these are the same bosonic spinors as in Eq. (42), which completes the
definition (41) of the b–symmetry transformations,
∈I
α = uI
α . (64)
In general, the number n−k (32−k in D=11) of supersymmetries preserved by a BPS
state |BPS,k〉 coincides [6, 8, 12] with the rank of the eigenvalue matrix p(k)αβ (28) of
the generalized momentum Pαβ
∈
ˇI
αQα |BPS k〉= 0 , ˇI = 1, . . . ,k ⇒


Pαβ |BPS k〉= p
|k〉
αβ |BPS k〉 ,
rank(p|k〉αβ ) = 32− k .
(65)
In this respect all the BPS states related to a general supersymmetry algebra (59),
including the M-theory BPS states for n = 32, may be classified by the number of
preserved supersymmetries [6]. This is the same as the classification by rank of the
generalized momentum matrix considered in Sec. II.1. Then the discussion of section
II.2. implies that a BPS state preserving k supersymmetry can be treated as a composite
of n˜ = n− k BPS preons
∈
ˇI
αQα |BPS k〉= 0 , ˇI = 1, . . . ,k =⇒ |BPS,k〉= |λ 1〉⊗ . . .⊗|λ (32−k)〉 , (66)
∈
ˇI
α λ (1)α = 0 , . . . , ∈ ˇI α λ
(n−k)
α = 0 .
III.3. On “AdS generalizations” of the M–algebra
and of the BPS preon definition
Eqs. (59)–(60) give the generalization of the super–Poincaré algebra. The correspond-
ing generalization of the superconformal algebra is suggested to be OSp(1|2n) [see
[39, 34] as well as [20] and [8] for more references]. One can ask how the analogous
generalization of the AdS superalgebra look like. The study of [13, 14, 52, 16] suggests
that this is given by the Lie superalgebra of the OSp(1|n) supergroup,
[Pαβ ,Pγδ ] = iς (Cα(γPδ )β +Cβ (γPδ )α) , (67)
[Pαβ , Qγ ] = iς Cγ(αQβ ) (68)
{Qα ,Qβ} = Pαβ , (69)
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where the dimensional parameter ς , the inverse AdS radius, is introduced to make trans-
parent the contraction of OSp(1|n) down to the generalized superPoincaré supergroup
Σ(n(n+1)/2|n) with the algebra (59)–(60); this occurs in ς 7→ 0 limit.
Clearly, the noncommutative Pαβ cannot be diagonalized and the above definition
of the BPS preon should be modified for that case. The study of [52, 16] suggests the
following definition of the BPS preons for that case (cf. [18])
(Pαβ −Y(αYβ ))|BPS preon ; λα〉= 0 , Yα := λα − ςP(λ )α . (70)
Here P(λ )α is the operator of momentum conjugate to λα and, hence, the spinorial
operators Yα do not commute for ς 6= 0,
[Yα , Yβ ] = 2iςCαβ . (71)
Thus, in distinction to generalized super–Poicaré (ς = 0) case, the definition of BPS
preons for the generalized AdS or OSp(1|n) superalgebra refers to a factorization of the
noncommutative spin–tensorial operator rather than to an eigenvalue problem.
Here, however, we mainly consider the case of the generalized super–Poincaré algebra
with central Pαβ which allows for the above simple definition (25) of the BPS preon [6].
III.4. BPS preons and BPS states in supergravity
As discussed above the BPS states |BPS k〉, k 6= 0, preserve a fraction (k/n) of the
supersymmetries; due to this fact they saturate the Bogomolny–Parasad–Sommerfield
or BPS bound (hence the ”BPS state” name) and, as a result, are stable.
In supergravity the algebraic notion of BPS state is realized as a supersymmetric
solution of the supergravity equations i.e. the solitonic solution preserving a fraction k/n
(k/32 in the M–theoretic n = 32 case) of the local supersymmetries characteristic of the
supergravity theory. The k supersymmetries (65) preserved by the BPS state |BPS k〉 are
represented in this ”solitonic” picture by a set of k linearly independent Killing spinors
∈
ˇJ
α(x) obeying the Killing spinors equation
D ∈
ˇJ
α := d ∈
ˇJ
α− ∈
ˇJ
β ωβ α ≡ D ∈ ˇJ α− ∈ ˇJ β ωβ α = 0 , ˇJ = 1, . . . ,k . (72)
In many cases, including higher dimensional supergravity (e.g. D = 10,11) and ex-
tended supergravity in D = 4 (e.g. N = 4,8) the generalized covariant derivative D is
constructed with the use of generalized connection ωβ α which includes, besides the
Lorentz (spin) connection ωLβ α = 1/4ωabL Γabβ α , a tensorial part t1β α = ωβ α −ωLβ α
constructed from the fields of supergravity multiplet or their field strengths. Among the
cases where the generalized connection is reduced to the Lorentz connection (D = D,
t1α β = 0) is the simple, D = 4 N = 1, supergravity. In D = 11 supergravity the Lorentz
covariant part t1α β of the generalized connection ωβ α is constructed in terms of the field
strength Fabcd of the three–form gauge field A3,
ωβ α =
1
4
ωabL Γab αβ +
i
18
ea
(
Fab1b2b3Γ
b1b2b3 +
1
8
Fb1b2b3b4Γab1b2b3b4
)
αβ . (73)
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The necessary condition for the existence of Killing spinors is given by an algebraic
equation coming from the integrability condition for (72) DD ∈J α = 0. It has the
suggestive form [10],
∈
ˇJ
β
Rβ α = 0 ⇔ DD ∈J α = 0 , (74)
in terms of the generalized curvature
Rβ α = dωβ α −ωβ γ ∧ωγ α (75)
or curvature of generalized connection taking values in the Lie algebra of the so–
called generalized holonomy group [10, 11]. For D = 11 supergravity the generalized
holonomy group has to be a subgroup of SL(32,C) [11] (see [56] for further discussion
with concrete solutions). The same is true for type IIB supergravity [59].
The rôle of BPS preons in the analysis of supersymmetric supergravity solutions was
discussed in [12]. The fact that a BPS state |BPS k〉 preserving k of 32 (in general k of n)
supersymmetry can be considered as a composite of (32− k) (in general (n− k)) BPS
preons, Eq. (66), is reflected, in the language of supergravity solutions, by the possibility
of finding n˜ := (32−k) spinors (spinor fields) λ rα(x), r = 1, . . . , n˜ which are orthogonal
to the Killing spinors, ∈
ˇI
α(x), ˇI = 1, . . . ,k, Eq. (72), characterizing the solution,
∈
ˇJ
α(x)λα r(x) = 0 , ˇJ = 1, . . . ,k , r = 1, . . . ,(32− k) . (76)
Thus, BPS preonic spinors and Killing spinors provide an alternative (dual) characteriza-
tion of a ν = k/32–supersymmetric solution (ν = k/n in general); either one can be used
and, for solutions with supernumerary supersymmetries [55], the description provided
by BPS preons is clearly a more economic one. Moreover, the use of both BPS preonic
(λα r) and Killing (εJα ) spinors allowed us to develop [12] a moving G–frame method,
which may be useful in the search for new supersymmetric solutions of supergravity.
As a simplest application of the moving G–frame method let us present the general
expression for the generalized curvature (75) of the k/32–supersymmetric solution of
D = 11 Cremmer–Julia–Scherk supergravity [12]. It is given by
Rα
β = Grs λα r wsβ +∇B ˇIr λα r ∈ ˇI β , (77)
where wsβ is a set of (32− k) spinors obeying wsβ λβ r = δsr and forming, together with
the Killing spinor ∈
ˇJ
α
, the nondegenerate matrix
g−1(β )α =
(
ws
α
∈
ˇJ
α
) (
gα (β ) =
(
λα s , wα ˇJ
)) (78)
the moving G–frame matrix. Finally,
Grs := (dA−A∧A)rs , ∇B ˇIr := dB
ˇI
r−Ars∧B
ˇI
s , (79)
where Asr and Br ˇI are n˜× n˜≡ (32−k)×(32−k) and n˜×k≡ (32−k)×k matrix valued
one–forms which have to be fixed by the concrete k/32–supersymmetric solution. The
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condition that the generalized holonomy group H (as well as the generalized structure
group G) should be inside SL(32), Rα α = 0, [11] implies that Grr = 0 (Arr = 0).
On one hand, Eq. (77) with Grr = 0 provides an explicit expression for the results of
[11, 59] that the generalized holonomies of k/32–supersymmetric solutions of D = 11
and of D = 10 type IIB supergravity should be H ⊂ SL(32− k,R) ⊂×Rk(32−k). In the
light of the fact that, when fermions vanish, ψαµ = 0, all the free bosonic equations of
the 11–dimensional supergravity as well as the Bianchi identities for the Riemann tensor
and for the three–form gauge field strengths can be collected in the following simple
equation for generalized curvature (75) [58, 12]
Rabα
γ Γbγ β = 0 , (80)
we expect that the explicit form (77) of the generalized curvature R to be useful in the
search for new supergravity solutions 9.
In particular, the moving G–frame formalism might be useful to settle the question
whether a BPS preonic solution preserving 31 out of the 32 supersymmetries exists in
D = 11 and/or D = 10 type IIB supergravities. Although this problem was addressed
in [10, 11, 12], neither a solution with such a property has been found nor a statement
forbidding an existence of such a solution has been proved yet. However in [12] it was
observed that BPS preonic configurations do solve the equations of a Chern–Simons
like supergravity. This follows from the fact that the generalized curvature of a BPS
preon is nilpotent, Rα γ ∧Rγ β = 0. This actually follows from the statement of [11] that
the generalized holonomy of (a hypothetical) ν = 31/32 supersymmetric solution is a
subgroup of R31. More explicitly, according to [12] the generalized curvature for the
preonic (ν = 31/32) solution has the form
Rα
β = dBI λα ∈I β (81)
which, in the light of (76), implies the nilpotency not only for the two form Rα β but also
for the tensor Rabα β . See [6] for a further discussion on a hypothetical preonic solution
in D = 11 Cremmer–Julia–Scherk supergravity.
III.5. Superparticle model for BPS preon
Interestingly enough, the point–like model for BPS preon [6] is provided by the
action that had been proposed in [20] before the notion of BPS preons was introduced.
This describes a superparticle in tensorial superspace (which was called ”generalized
superspace” in [20], ”extended superspace” in [36] and enlarged superspace in [8]) with
the bosonic body (34),
Σ(
n(n+1)
2 |n) : Z M = (Xαβ ,θ α) , Xαβ = Xβα , α,β = 1,2, . . . ,n . (82)
9 The concise form of all the bosonic equations for D = 11 supergravity generalizing (80) for the case of
nonvanishing fermions can be found in [57].
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The action of ref. [20] is the straightforward supersymmetric generalization of the
bosonic functional (44), which can be obtained by substituting the pull–back ˆΠαβ ≡
dτ ˆΠαβτ = d ˆXαβ (τ)− id ˆθ (α ˆθ β )(τ) of the supersymmetric Volkov–Akulov one–form
Παβ := dXαβ − idθ (α θ β ) (83)
of the Σ(
n(n+1)
2 |n) superspace for d ˆXαβ in (44),
S = 1
2
∫
W 1
λαλβ ˆΠαβ ≡
1
2
∫
dτ ˆΠαβτ (τ)λα(τ)λβ (τ) , (84)
The action (84) is invariant under the global supersymmetry transformations,
δε ˆXαβ (τ) =−iε(α ˆθ β )(τ) , δε ˆθ α(τ) = εα , δελα(τ) = 0 , (85)
and under (n−1) local fermionic κ–symmetries
iκ ˆΠαβ = 0 ⇔ δκ ˆXαβ = 2iδκ ˆθ (α ˆθ β ) , δκ λα = 0 , (86)
δκ ˆθ α λα(τ) = 0 ⇔ δκ ˆθ α = uˆIβ (τ)κ I(τ) , I = 1, . . . ,(n−1) . (87)
In (86) κ I(τ) are the (n−1) (31 for D = 11) Grassmann parameters of the κ–symmetry
and uˆIβ (τ) are (n− 1) (31) auxiliary spinor fields which are orthogonal to λα(τ), Eq.
(42) or Eq. (63) with (64). These can be omitted from the consideration as one can use
the first equation in (87), δκ ˆθ α λα(τ) = 0, as the definition of the κ–symmetry.
Just the presence of 31–parametric (n–parametric) κ–symmetry, allows one to treat
the action (84) as a model for BPS preons: the κ symmetry of the worldvolume action
reflects the supersymmetry preserved by the ground state of the point–like or extended
object [66, 44]. Indeed the requirement of the Lorentz invariance (or more powerful
GL(n) invariance) of the ground state leads to the conclusion that in this state all
fermions vanish, ˆθ α(τ) = 0. Then, as the fermionic coordinate function transforms both
under the supersymmetry and under the κ–symmetry, δ ˆθ α = εα +δκ ˆθ α , the invariance
of the ground state of the superparticle (84) is defined by the equation
ˆθ α = 0 ⇒ 0 = δ ˆθ α = εα +δκ ˜θ α = εα + uˆαI κ I(τ) . (88)
Thus the parameters of the symmetries preserving ground state solution should obey
susy preserved by ground state with ˆθ α = 0: εα =−uˆαI κ
I . (89)
The extended object models for BPS preons are provided by tensionless superbranes in
Σ(528|32) (Σ(n(n+1)/2|n)) superspace [53, 7].
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IV. SUPERFIELDS AND SUPERGRAVITY IN TENSORIAL
SUPERSPACE
IV.1. Superfield generalization of the massless higher spin equations
The superparticle models [20] with the the properties of BPS preon [6] were studied in
the flat tensorial superspace Σ(n(n+1)/2|n) [13, 14, 16] and on the OSp(1|2n) supergroup
manifold [51, 52, 16]. The latter are the ”AdS–like” version of tensorial superspace (see
[51, 14, 52, 16], Sec. II.4 for a brief discussion and [19] for D = 6,10 generalization
of this statement). The quantum state spectrum of the preonic superparticle in D = 4
contains a tower of conformal massless fields of all possible ’helicities’; which can be
described all together (see [13, 19] and Sec. II.4) by the scalar bosonic and spinor (s-
vector) fermionic fields obeying Eqs. (51) and (52).
This spectrum is manifestly supersymmetric. Then the question arises: is there any
superfield generalization of these equations, i.e. is there a superfield equation which
collects the scalar and spinor field in tensorial space and implies Eqs. (51) and (52) on
these fields? The answer on this question is affirmative. As it was shown in [18], such a
superfield equation does exist and has the form
D[αDβ ]Φ(X ,θ) = 0 , (90)
where Dα = ∂/∂θ α + iθ β ∂βα is the flat Grassmann covariant derivative in the flat
tensorial superspace Σ(n(n+1)/2|n), (82), ({Dα ,Dβ} = 2i∂αβ ). Eq. (90) sets to zero all
the higher components φα1···αi(X), i ≥ 2, of the scalar superfield Φ(X ,θ) = b(X) +fα(X)θ α +∑ni=2 φα1···αi(X)θ α1 · · ·θ αi , thus reducing it to the form
Φ(Xαβ ,θ γ) = b(X)+ fα(X)θ α ; (91)
it also imposes on the surviving components the dynamical equations (51) and (52). 10
The generalization of the “preonic equation” (47) has the form [18]
(DαDβ +λαλβ )Φ(X , θ , λ ) = 0 . (92)
Its antisymmetric part gives Eq. (90) while the symmetric part produces Eq. (47).
The AdS generalization of Eq. (90) reads(
∇[α∇β ]+ i
ς
4
Cαβ
)
Φ(X ,θ) = 0 , (93)
where ∇α are spinorial covariant derivatives on the OSp(1|n) supergroup manifold
obeying the superalgebra (69), ((68), (67). The equation generalizing (92) for the case of
OSp(1|n) supergroup manifold reads can be found in [18] where it was also discussed
the way of derivation of (92) from the equation for Clifford superfield wave function
which appeared in the quantization [13] of the preonic superparticle [20], Eq. (84) with
the conversion method.
10 One can also collect the same field content inside a spinor superfield Ψα , but this should be subject to
a set of two equations, D[α Ψβ ](X ,θ ) = 0 and ∂α [β Ψγ](X ,θ ) = 0 [18].
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IV.2. Superfield supergravity in tensorial superspace
When one considers the standard superparticles and superbranes, the natural starting
point is also an action in flat superspace. Then one finds [46, 45] that considering the
natural generalization of the model in curved superspace and assuming the existence of a
smooth flat superspace limit one arrives at the requirement that curved superspace has to
satisfy the supergravity constraints. For higher dimensional D > 6 superspaces (and also
for the extended, N > 2, superspaces in D = 4) these are the on–shell supergravity con-
straints which contain all the dynamical equations of motion among their consequences.
This is not the case in D = 4 N = 1 superspace where one arrives at off-shell constraints
which do not imply dynamical equations of motion (see refs. in [47] which is devoted
to a complete Lagrangian description of the supergravity—superstring interaction); in a
simpler D = 3 and D = 2 cases the supergravity is not dynamical.
It is natural to ask what are the generalized supergravity constraints which might
appear from the consistency requirement for a preonic model in a curved tensorial
superspace. Such a supergravity in a curved Σ(528|32) superspace may be interesting in
an M–theoretical perspective, while the models in Σ(n(n+1)/2|n) with n = 4,6 and 10
[Σ(10|4), Σ(36|8) and Σ(136|16)] could provide a basis for interacting higher spin theories.
One might even hope that such a tensorial supergravity could itself provide an interacting
higher spin theory; however, as shown in [18], this is not the case, at least when the
supergravity with SL(n) or GL(n) holonomy groups are considered.
The natural generalization of the point like preonic action (84) for the case of curved
tensorial superspace Σ(n(n+1)/2|n) reads [18]
S = 1
2
∫
W 1
λαλβ ˆEαβ ≡
1
2
∫
dτ ˆEαβτ (τ)λα(τ)λβ (τ) , (94)
where ˆEαβ := dτ ˆEαβτ = dτ ∂τ ˆZ M EM αβ ( ˆZ ) is the pull–back to the worldline W 1
of the bosonic supervielbein form Eαβ := dZ M EM αβ (Z ) of the curved tensorial
superspace Σ(n(n+1)/2|n) (82) with supervielbein
EA = (Eαβ , Eα) = dZ M EM A (Z ) , α , β = 1 , . . . , n (95)
including also n fermionic one forms Eα whose pull–backs ˆEα do not enter Eq. (94).
The supergravity in tensorial superspace should be the theory of the supervielbein
superfields in (95). However, to make the formalism covariant one also introduces
in superfield supergravity the connection taking values in a structure group of the
superspace. For the usual superspace the structure group is the Lorentz group which
in the flat superspace appears as a global symmetry of the superparticle action. With this
in mind, and taking into attention that the flat superspace preonic superparticle action
(84) is invariant under GL(n) group, one finds natural to consider GL(n) as the structure
group of tensorial superspace. Hence, by analogy with the conventional spin connection
of general relativity and the standard supergravity, the GL(n) connection was introduced
in [18],
Ωβ α := dZ M ΩM β α ≡ EA ΩA β α . (96)
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The torsion 2-forms and the curvature of the GL(n) connection were defined by
T αβ := DEαβ ≡ dEαβ −Eαγ ∧Ωγβ −Eβγ ∧Ωγ α , (97)
T α := DEα ≡ dEα −Eβ ∧Ωβ α (98)
Rβ α := d Ωβ α −Ωβ γ ∧Ωγ α . (99)
The requirement of preservation of the κ–symmetry of the superparticle (94) imposes
the constraints Tγ δ αβ ∝ δγ (α δδ β ), Tγγ ′ δ αβ ∝ δ(γ α tγ ′)δ β , on the bosonic torsion (97),
T αβ := 12ED ∧EC TC D αβ . Then imposing the conventional constraints, which fix the
freedom in redefinition of the basic superfields, and studying the Bianchi identities one
finds the following complete expressions for the torsion and curvature two–forms [18]
T αβ = −iEα ∧Eβ +2Eγ(α ∧Eβ )δ Rγδ , (100)
T α = 2Eαβ ∧Eγ Rβγ +Eαβ ∧EγδUβγδ , (101)
Rβ α = iEγδ ∧EαUβγδ −Eαγ ∧Eδ (Fδβγ +Dδ Rβγ)−
−Eαγ ∧Eδε(D(βUγ)δε +Dδε Rβγ) . (102)
Here Rγδ (Z ) =−Rδγ(Z ) and Uα βγ(Z ) =Uα γβ (Z ) are ‘main’ superfields which are
related by the equations
D[αUβ ]γδ = −Dγδ Rαβ , (103)
D(αUβ )γδ = −iD(γ Fδ ) αβ , Fαβγ = 2iU(βγ)α − iUαβγ −2D(β Rγ)α , (104)
DαβUγδ σ − DδσUγαβ +2Uγα(σ Rδ )β +2Uγβ (σ Rδ )α = 0 . (105)
Setting the main superfields to zero, Rγδ (Z ) = 0, Uα βγ(Z ) = 0 and ignoring the
trivial GL(n) connection (setting Ωα β = 0) one reduces the constraints to the Maurer–
Cartan equations of flat tensorial superspace Σ(n(n+1)/2|n) with the solution
Rγδ (Z) = 0 , Uα βγ(Z) = 0 ⇒ Eαβ = Παβ , Eα = dθ α . (106)
On the other hand, setting Rγδ = ςCγδ and Uα βγ(Z) = 0 one arrives in the Maurer–
Cartan equations of the OSp(1|2n) supergroup
dE αβ = −iE α ∧E β −ζE αγ ∧E δβCγδ ,
dE α = −ζE αγ ∧E δCγδ . (107)
In both cases the curvature is equal to zero which allows one to gauge away the trivial
GL(n) connections Ωα β = 0.
In the superspace subject to the constraints (100) the preonic superparticle action
possesses the gauge invariance under the local fermionic κ–symmetry (cf. (86), (87))
iκEαα
′
:= δκ ZMEαα
′
M = 0 , iκEα := δκ ZMEαM = uαI κ I(τ) , (108)
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where uαI is defined by Eq. (42), and under the b–symmetry transformations (cf. (41))
ibEαα
′
:= δbZMEαα
′
M = u
α
I u
α ′
J bIJ(τ) , ibEα := δbZMEαM = 0 . (109)
One can ask whether the scalar superfield equation (90) allows for a consistent
generalization to the curved tensorial superspace. It does and the desired generalization
reads
D[αDβ ]Φ =
i
2
Rαβ Φ (110)
and is consistent when the holonomy group of the tensorial superspace is restricted to
be SL(n) (which means that the curvature tensor is traceless Rα α = 0) [18].
The first impression might be that the tensorial supergravity defined by the constraints
(100)–(102) should contain a huge number of extra nonphysical fields. However this is
not the case. As it is shown in [18] the general solution of the tensorial supergravity con-
straints contains only two classes of superspaces: the superconformally flat superspaces
and the superspaces superconformally related to the OSp(1|n) supergroup manifold. The
superconformally flat superspaces are described by
Eαβ = e
2W (Z)
n Πα ′β ′ L αα ′ (Z) L
β
β ′ (Z) , E
α = e
W(Z)
n (dθ α ′− iΠα ′β ′ Dβ ′W )L αα ′ (Z) ,
Ω αβ =
1
n
dW δβ α −L−1β β
′
[
dθ α ′ Dβ ′W +Πα
′γ(Dγβ ′W + i2DγW Dβ ′W )
]
L αα ′ ,(111)
where L αβ (Z) is a matrix of local SL(n) transformations which together with
exp{W (Z)/n} form a GL(n) matrix G αβ = L αβ exp{W (Z)/n}. The extraction of
the scaling factor allows to apply Eqs. (111) to supergravity with SL(n) structure group.
Working with the structure group GL(n) (which does not forbid reduction of
the holonomy group down to its subgroup SL(n)), one can obtain all superspaces
superconformally–related to the OSp(1|n) supergroup manifold by making first the
following ”generalized super–Weyl transformations” [18]
Eαβ = E αβ , Eα = E α +E αβWβ
Ω αβ = −iE αWβ −E αγ(∇γ Wβ + iWγWβ ) , (112)
of the OSp(1|n) supervielbein (E αβ , E α), Eq. (107), with Wγ =−i∇γW and then per-
forming a GL(n) “rotation”, if needed. In (112) ∇γ is the OSp(1|n) covariant derivative,
d = E αβ ∇αβ +E α∇α . The flat tensorial superspaces Σ(n(n+1)/2|n) can be recovered in
ς = 0 limit.
The fact that superconformally flat and OSp(1|n) related superspaces provide the
general (modulo topological subtleties) solution of the tensorial supergravity constraints
(100)–(102) implies that the main superfields can always be expressed by
Rαβ =−
ς
2
Cαβ +D[α Wβ ]+
i
2
WαWβ , Uαβγ =−Dβγ Wα +W(γ Dβ )Wα . (113)
One can check that the holonomy group of the superspace reduces to SL(n) (i.e. that
Rα
α = 0) when Wα = −iDαW . The ’super–Weyl transformations’ (107) with Wα 6=
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−iDαW result in the connection with GL(n) holonomy. In the OSp(1|n) covariant
derivatives the main superfields of the superspace with SL(n) holonomy group read
Rαβ = i e−
2W
n
[
i ς2Cαβ +∇[α∇β ]W +
1
2 ∇αW ∇βW
]
, (114)
Uβγδ = e−
3W
n
[
−i∇γδ ∇βW +∇(γW ∇δ )∇βW
]
. (115)
One can make the (seemingly important) observation that, formally, putting in (114)
Rαβ =−ς2Cαβ e(1+4/n)W/2 one finds an equation
∇[α∇β ]W + 12∇αW ∇βW =−
iς
2 Cαβ
(
1− e−W2
)
(116)
for the scalar superfield W . However, first one observes that, after the field redefinition
W = 2ln
(Φ+a
a
) (with a > 0) this reduces to the scalar superfield equation (93) on the
OSp(1|n) supergroup manifold. Moreover, this does not imply a nontrivial embedding of
even the free scalar superfield (and of the higher spin theories) in tensorial supergravity.
The reason can be traced to the super–Weyl invariance of both the constraints, Eqs.
(100)–(102), and the scalar superfield equation in supergravity background, Eq. (110).
Thus one may use (112) as a field redefinition (leaving the constraint invariant) pass form
the superconformally–OSp(1|n)–related geometry to the rigid OSp(1|n) supergroup
manifold.
In other words, like the D = 3 N = 1 Poincaré and AdS supergravities, the super-
gravity in tensorial superspace is shown to be nondynamical: the general solution of its
constraints is given by superconformally flat and OSp(1|n) related superspaces which
may be reduced to the rigid Σ(n(n+1)/2|n) or OSp(1|n) superspaces by the (super)field
redefinition (Eq. (112) plus GL(n) transformations or, equivalently, Eqs. (111)) [18].
This implies, in particular, that to proceed with the search for D = 4,6,10 interacting
higher spin theories on the basis of curved tensorial superspaces Σ(n(n+1)/2|n) with
n = 4,8,16 one has to extend the tensorial superspace rather than to restrict it, as it
might be expected. On the other hand, such an extension looks natural in the light
of the existing results on interacting higher spin theories [17, 50], as these imply the
necessity of doubling of the auxiliary variables. Such auxiliary variables responsible for
the spin degrees of freedom can be chosen to be spinors or antisymmetric tensors (y[µν]
for D = 4). Hence a natural candidate for the variables to use for the extension of the
tensorial superspace X (αβ ),θ α) (= (xµ ,yµν , ,θ α) for D = 4) in a search for consistent
interacting higher spin theories are the bosonic spinors λα which are used to define the
notion of BPS preon and are present in the action [20] for the “preonic superparticle”.
The study of supergravity and super–Yang–Mills theories in tensorial superspace
enlarged by additional bosonic spinors is an interesting subject for future study. Another
interesting direction is an M–theoretic use of the superconformally flat and OSp(1|32)–
related superspaces in an M–theoretical context. This might be related with the direction
described in the contribution of José A. de Azcárraga to this volume [37].
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CONCLUDING REMARKS
In this contribution we made a brief review of the notion of BPS preon, both in its
original D = 11 image as hypothetical constituents of M-theory [6] and in its natural
generalization to arbitrary dimension D [8, 12]. Actually the definition of BPS preon
possesses a wider GL(n) symmetry and, thus is rather characterized by the number n of
possible values of the spinor (or ’s–vector’ [14]) index α than by the number D related
to an invariance under a subgroup SO(t,D− t)⊂ GL(n). For n = 4,8,16 cases the BPS
preon may be identified with the tower of massless higher spin fields in D = 4,6 and
10. This can be established by quantization [13] of the “preonic superparticle model”
[20] which, interestingly enough, had been carried out some times before the notion
of BPS preon was introduced in [6]. The present treatment [8, 12, 7] of the results of
[13, 20] in terms of BPS preon notion [6] is justified by a search for a universal language
which might provide a bridge between (essentially) eleven–dimensional M–theory and
the higher spin theories in D = 4,6,10.
We have also reviewed the “preonic superparticle” action of [20] bringing us to the
tensorial superspace, as well as the rôle of BPS preons in the classification and study of
supergravity solitons [12], the concise superfield description of the higher spin theories
[18] and the results of the study of supergravity in tensorial superspace [18].
Actually, in the light of the algebraic classification of the M–theory BPS states
proposed in [6], the possibility of treating BPS preons as constituents of M–theory is a
bit more than conjecture; a conjecture concerns rather a usefulness of such a treatment.
One might express doubts on such a usefulness arguing that the symmetry of the BPS
preon is too high to describe the M-theory physics. However, its identification with
higher spin theory in lower dimensions suggests an answer. Higher spin theories were
(and are) conjectured (see [50] and e.g. [26]) to be related to the “symmetric” phase
of string theory characterized by an enhanced symmetry whose spontaneous breaking
should reproduce the complete string theory. In the same way one may conjecture that
the GL(32)–invariant (actually OSp(1|64)–invariant) description provided by the BPS
preons corresponds to a symmetric phase of M–theory, while the complete description
of M–theory might require the spontaneous breaking of these OSp(1|64) symmetry.
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